SUMMARY This paper describes a community based study of 156 boys with idiopathic, severe mental retardation. The boys were examined and a pedigree taken before the cytogenetic results were known. The prevalence of the fragile X chromosome among this group of boys was high: 9% in the whole group and 1M after 39 boys with specific features had been excluded. The fragile X syndrome is therefore an important cause of idiopathic, severe retardation. Its clinical features of large head, large testes, and IQ in the 35 to 70 range were often but not always present in the 14 boys identified in this study.
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In the whole group, the recurrence of severe mental subnormality was high: 1 in 8 for brothers and I in 25 for sisters. This high recurrence was partly due to the fragile X syndrome, partly to X linked mental retardation not accompanied by cytogenetic abnormalities, and partly due to autosomal recessive disease. Autosomal recessive disease was perhaps higher in the West Midlands than elsewhere (such as British Columbia, for example') because of the disproportionate contribution by Asian immigrants.
There have already been numerous surveys on the families of patients with idiopathic, severe mental retardation, but this further one was planned because of the recent realisation that the fragile X syndrome is a significant cause of mental retardation. It is a condition where prevention is possible, through identification of female carriers observed that one of the types of X linked mental retardation is associated with a structural abnormality at Xq27-28. This abnormality, or fragile site, is only revealed in folic acid and thymidine deficient media. The gene causing the mental retardation has been shown to be placed very close to the fragile site, namely at Xq27-28. The evidence comes from linkage studies in which this type of mental retardation has been linked in families to the loci for factor IX and G6PD deficiency. 7 The pedigrees of boys with the fragile X syndrome do not always conform to the accepted criteria for X linkage. Firstly, males may not always be clinically affected7 x and indeed the first large pedigree of this type of mental retardation, the Martin-Bell pedigree, contained two healthy males likely to have been carriers.9 Secondly, female carriers may be mentally retarded,8 1(}12 although this is usually of mild degree.
Although it is not possible to determine the frequency of the fragile X syndrome from individual case reports, the large numbers of the latter since 1974 have suggested that the syndrome is not 258 We planned a community study in order to assess the overall contribution of the fragile X chromosome to mental retardation. We also wished to assess the clinical features of the fragile X syndrome in patients who had been ascertained without bias. Because the technique for demonstrating the fragile X chromosome is laborious (see Methods section) we decided to exclude two groups of children in whom we did not expect to find the fragile X chromosome. These two groups consisted of children who had a specific cause for their retardation, and girls who were severely retarded. We therefore proposed to study males with severe mental retardation (ESN(S)) of unexplained aetiology, and both males and females with unexplained mild mental retardation (ESN(M)). The present report describes the findings in the first group: boys with severe, idiopathic mental retardation. 
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CYTOGENETIC TECHNIQUES
It had been previously shown by Sutherland23 that the fragile X (q27-28), in common with most other fragile sites, is only demonstrable after culture of cells in media deficient in both folic acid and thymidine. The marker is also only ever detectable in a percentage of mitoses which rarely if ever reaches 50%. Consequently, several cultures were employed for each blood sample using both straightforward deficiency of folic acid and thymidine and also the antagonists MTX and FUdR. In this way it was hoped to maximise the detection of the fragile X syndrome in this population. In each case on day 1 an aliquot (0-4 ml) of whole blood was added to 5 ml of: (1) After 72 hours' culture time chromosome preparations were obtained by routine methods. At least 50 mitoses were examined from each subject from the TC199 + 2% FCS culture, and it is the percentage of fra(X) found in these cultures which is presented in table 1. In addition, where possible, 25 cells were studied from the culture containing MTX and 25 from that containing FUdR. The cells grown in the kinder medium M were subjected to routine Giemsa banding in order to identify any fragile site as being on the X chromosome at q27-28 and also to check whether those patients who did not have the fragile X syndrome were cytogenetically normal. Care was taken to ensure that a reasonable number of mitoses were obtained from each subject so that the family need not be approached again, while subjecting the cultures to the harsh conditions necessary to demonstrate the fra(X) with confidence. It was felt that a level of 4% or more of fra(X) constituted a positive finding. In each case the slides were analysed after solid staining but the presence of fra(X) was confirmed in each case by Giemsa banding.
Results

WHOLE STUDY GROUP
There were 289 females and 360 males requiring ESN(S) education in the areas studied (table 2). All the females were excluded from the study, as were 185 boys who had specific causes for their retardation; these are broadly categorised in table 3. Of the 175 boys selected for the study, parental permission to examine and take blood from them was obtained from 156 (89%). These 156 boys therefore form the basis of our study.
The ages of these 156 boys ranged from 5 to 19 years. One hundred and forty-eight boys were living gia; spastic quadriplegia with normal sized head; and microcephaly with colobomata. In the families of these 16 index patients there were five sets of consanguineous parents and three out of 28 sibs were ESN(S).
CYTOGENETIC RESULTS
There were 14 out of the 156 boys (8-9%) studied who possessed the fragile X chromosome, in percentages of their cells ranging from 4 to 32%. If the 39 boys subsequently thought to have a specific cause for their retardation are excluded, the prevalence of the fragile X among those without a diagnosis becomes 13 in 117 or 11-1%. (table 5) .
The group of boys selected for the study had a high risk of recurrence of mental subnormality in sibs (table 7) . For all 156 boys, the occurrence of severe mental subnormality in brothers was 1 in 8 and in sisters was 1 in 24. However, the risk for brothers was greater for the 14 index patients with the fragile X chromosome (1 in 3-4) than for the brothers of the 142 boys without the fragile X chromosome (1 in 10). The risk of mild mental subnormality was 1 in 17 for brothers and 1 in 13 for sisters.
There were 18 out of the 149 index patients who had one or more sibs with a similar type of severe mental retardation (one severely retarded sister with spina bifida is not counted here). Among these 18 were five boys who had the fragile X chromosome and four others with an X linked pedigree. This left nine index patients with severely retarded sibs and no evidence of X linkage; five of these had affected brothers only, four had affected sisters only, and one had both an affected brother and sister.
There were 13 out of the 149 index patients who had an X linked pedigree as defined earlier; nine of their 24 brothers were ESN(S). Of these 13 index patients five were found to carry the fragile X chromosome, while eight did not.
GENETIC DATA OF THE 14 INDEX PATIENTS WITH THE FRAGILE X CHROMOSOME
Since there were two pairs of brothers, the 14 boys with the fragile X came from 12 families. Two sets of parents were consanguineous. Five out of 17 brothers were severely mentally retarded and two out of 17 sisters were mildly mentally retarded. Eight mothers were carriers, either because they showed the chromosome abnormality (four mothers) or because their relatives did. Of these latter four mothers, two were chromosomally normal and two could not be tested.
Five of these 14 index patients had an X linked pedigree. Four index patients had sibs only affected and there were no mentally retarded relatives in five of the 12 families. In one of these the mother and sister showed the fragile X chromosome, but in the remaining four families no mother and no other relative (two brothers of index patients, four sisters, one maternal aunt, and two maternal grandparents) were found to have the fragile X chromosome.
Of the 17 sisters six had the fragile X chromosome (one was counted twice as she had two index patients as brothers), seven did not, three had borderline results, and one was not tested.
Of the 17 brothers, five had the fragile X chromosome (four were also index patients), 11 did not (three were counted twice as each had two index patients as brothers), and one was not tested. The evidence for X linked genes in the entire sample comes from two facts. Firstly. the recurrence risk for severe mental retardation for brothers was three times that for sisters and, secondly, 13 index patients had 'an X linked pedigree' as defined rather loosely for the study. However, the fragile X chromosome did not account for all the X linked mental retardation, probably for about two-thirds (table 5) , or less if some of the five index patients with ESN(S) brothers but no other affected relatives had X linked rather than autosomal recessive disease.
THE PREVALENCE OF THE FRAGILE X CH ROMOSOME We decided to take the occurrence of the fragile X chromosome in 4% of cells as the diagnostic criterion for the fragile X syndrome. This was because it is necessary to subject the lymphocytes to very harsh culture conditions in order to be reasonably certain of detecting the chromosome abnormality. Such conditions, particularly the presence of FUdR and MTX, cause a background level of random chromosome damage. A cut-off level of 4% eliminates the finding of false positives due to these induced aberrations.
The overall prevalence of the fragile X chromosome in ESN(S) boys of about 9% is very high, and it rises to 11% if 39 boys with specific clinical features are excluded. It is not known whether the prevalence would change if the 19 boys whose parents withheld permission had been studied. We do know that one of the 19 had the fragile X chromosome, for he was a cousin of an index patient and his general practitioner subsequently obtained a blood sample. The high prevalence indicates that chromosome studies in folic acid and thymidine deficient medium should be performed on all boys with severe, unexplained mental retardation.
Since the start of our survey, community studies on the prevalence of the fragile X chromosome in severely and mildly mentally retarded children have been reported from Sweden.'> " In the first of these, Blomquist et a1'' investigated an unselected consecutive series of boys with severe mental retardation. The overall prevaleiice of the fragile X chromosome was six out of 96, but w.as as high as six out of 29 among the severely retarded boys with no obvious cause (other than a genetic one) for their mental retardation. 
